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Ths  JJiffef^ential  Law  of  Wages.    By  Henby  L.  Moore, 

Columbia  University,  New  York. 

In  the  present  article  I  have  tried  to  put  a  doctrine  of  pure 
genomics  to  a  statistical  test.  Such  an  undertaking  implies  at 
least  three  sources  of  error : — 

(1.)  Every  doctrine  of  pure  economics  rests  upon  the  assumption 

of  perfect  mobility  of  the  factors  of  production,  while,  in  fact, 
friction  to  an  incalculable  degree  characterises  the  working  of  the 
industrial  mechanism. 

(2.)  The  statistics  available  are  incomplete,  since,  notwithstanding 
great  efficiency  and  honesty  of  purpose  on  the  part  of  the  Govern- 
ment officials  charged  with  the  collection  and  presentation  of 
material,  the  comparatively  few  accessible  records  are  themselTes 
incomplete. 

(3.)  The  two  disciplines,  statistics  and  pure  economics,  have 
hitherto  been  so  unrelated  that  a  series  of  hypotheses  must  be  made 
in  order  to  utilize  the  data  and  methods  afforded  by  the  one  to 
render  effective  the  theories  of  the  other. 

There  is  obviously  great  danger,  therefore,  when  working  upon 
a  problem  of  this  character,  of  introducing  so  many  and  such 
complex  hypotheses  as  to  vitiate  any  conclusions  that  may  be 
reached.  This  danger  has  been  constantly  in  mind  as  1  have 
attempted,  at  several  points  in  this  investigation,  to  connect  fact 
and  theory,  and  special  care  has  been  taken,  in  the  absence  of  full 
and  precise  data,  to  preserve  a  befitting  sobriety  in  the  use  of 
hypotheses. 

1. 

The  differential  law  of  wages  is  the  particular  aspect  of  the 
theory  of  wages  which  it  is  proposed  to  investigate.  The  expression 
"  theory  of  wages  "  may  be  understood  to  mean  either  of  two  things : 
it  may  mean  the  theory  of  the  causes  and  method  of  apportioning 
the  national  dividend  between  capital  and  labour;  or  it  may 
mean  the  theory  of  the  apportionment  of  aggregate  wages  among 
subgroups  of  labourers,  or  among  individual  labourers.  A  complete 
theory  of  wages  would  afford  a  law  of  the  (listrilmiion  of  the  total 
product  of  industry  between  capital  and  labour,  and  a  law  of  the 
distribution  among  iiidividu;il  labourers  of  the  aggregate  product 
going  to  lal>our  as  a  whole.  With  the  first  part  of  the  theory  of 
wages,  as  here  stated,  our  study  is  not  concerned  ;  for  purposes  of 
limiting  the  scope  of  the  inquiry,  it  is  assumed  that  this  first  part 
of  the  general  problem  is  already  solved.  The  second  part  of  the 
theory,  to  which  our  investigation  is  confined,  is,  in  sul^tance,  the 
differential  law  of  wages. 

The  statement  of  the  differential  law  of  wages  by  the  most 
approved  authorities  contains  four  leading  propositions  : — 

(1.)  The  labour  force  in  a  country  with  varied  industries  is  a 
force  of  varying  efiiciency  per  labourer  unit  ; 

(2.)  The  character  of  the  industrial  organisation  of  a  particular 
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Ths  Diffei^mlidl  Law  of  Wages.    By  Henry  L.  Moore, 

Columbia  University,  New  York. 

In  the  present  article  I  have  tried  to  put  a  doctrine  of  pure 
economics  to  a  statistical  test.  Such  an  undertaking  implies  at 
least  three  sources  of  error : — 

(1.)  Every  doctrine  of  pure  economics  rests  upon  the  assumption 
of  perfect  mobility  of  the  factors  of  production,  while,  in  fact, 
friction  to  an  incalculable  degree  characterises  the  working  of  the 
industrial  mechanism. 

(2.)  The  8tatisti(»avaikble  are  incomplete,  since,  notwithstanding 
great  efficiency  and  honesty  of  purpose  on  the  part  of  the  Govern- 
ment officials  charged  with  the  collection  and  presentation  ci 
material,  the  comparatively  few  accessible  records  are  themselves 
incomplete. 

(3,)  The  two  disciplines,  statistics  and  pure  economics,  have 
hitherto  been  so  unrelated  that  a  series  of  hypotheses  must  l)e  made 
in  order  to  utilize  the  data  and  methods  afforded  by  the  one  to 
render  effective  the  theories  of  the  other. 

There  is  obviously  great  danger,  therefore,  when  working  upon 
a.  problem  of  this  character,  of  introducing  so  many  ana  such 
complex  hypotheses  as  to  vitiate  any  conclusions  that  may  be 
reached.  This  danger  has  been  constantly  in  mind  as  I  have 
attempted,  at  several  points  in  this  investigation,  to  connect  fact 
and  theory,  and  special  care  has  been  taken,  in  the  absence  of  full 
and  precise  data,  to  preserve  a  befitting  sobriety  in  the  use  of 
hypotheses. 

L 

The  differential  law  of  wages  is  the  particular  aspect  of  the 

theory  of  wages  which  it  is  proposed  to  investigate.  The  expression 
theory  of  wages  "  may  be  understood  to  mean  either  of  two  things  : 
it  may  mean  the  theory  of  the  causes  and  method  of  apportioning 
the  national  dividend  between  capital  and  labour ;  or  it  may 
mean  the  theory  of  the  apportionment  of  aggregate  wages  among 
subgroups  of  labourers,  or  among  individual  labourers.  A  complete 
theory  of  wages  would  afford  a  law  of  the  distribution  of  the  total 
product  of  industry  between  capital  and  labour,  and  a  law  of  the 
distribution  among  individual  labourers  of  the  aggregate  product 
going  to  labour  as  a  whole.  With  the  first  part  of  we  theory  of 
wa^es,  as  here  stated,  our  study  is  i^ot  concerned ;  for  purposes  of 
limiting  the  scope  of  the  inquiry,  it  is  assumed  that  this  first  part 
of  the  general  problem  is  already  solved.  The  second  part  of  the 
theory,  to  which  our  investigation  is  confined,  is,  in  substance,  the 
differential  law  of  wages. 

The  statement  of  the  differential  law  of  wages  by  the  most 
approved  authorities  contains  four  leading  propositions  : — 

(1.)  The  labour  force  in  a  country  with  varied  industries  is  a 
force  of  varying  efficiency  per  labourer  unit ; 

(2.)  Th9  character  of  the  industrial  organisation  of  a  particular 
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time  and  place  determines  the  nature  and  degree  oi  segregation  of 
laboui-  into  groups  of  varying  efficiency.  The  two  most  funda- 
mental groups  are  those  of  skilled  and  unskilled  laltour ; 

(3.)  The  labourer  of  least  efficiency  in  each  group  receives  a 
wage  which  constitutes  the  minimum  wage  of  the  group.  This 
tninTTniiTn  wage  is  at  least  equal  to  the  highest  wage  that  the  least 
efficient  labourer  in  the  group  could  earn  in  the  other  forma  of 
employment  open  to  him ; 

(4.)  The  more  efficient  labourers  within  the  group  receive  the 
minimum  wage  of  the  group  plus  a  supplement  proportionate  to  the 
excess  of  their  efficiency  over  that  of  the  least  capable  labourer  in 
the  group. 

The  theory  composed  of  these  four  propositions  is  an  important 
part  of  the  doctrine  frequently  summarized  in  the  statement  that 
the  labourer  tends  to  get  M^hat  he  produces.  It  is  very  essential 
to  observe  that  the  differential  law  covers  only  a  part  of  this 
general  theory  of  wages ;  for,  however  large  or  however  small 
the  labour  dividend,  it  may  be  apportioned  among  the  labourers 
aeoording  to  their  efficiency,  and  consequently  it  is  not  allowable 
to  conclude  from  the  fact  of  labour  being  rewarded  according  to 
effidmicy  that  therefore  labour  gets  what  it  produces. 

Because  of  our  failure  to  put  the  theory  of  differential  wages 
to  any  kind  of  empirical  test  it  is  generally  expounded  in  a  form 
in  which,  despite  the  valuable  parts  that  will  be  utilised,  it  must 
be  regarded  as  without  significance  so  far  as  scientific  uses  are 
concerned.  For  unless  the  postulate  stated  above  in  the  first 
proposition— that  the  labour  force  of  a  country  with  varied 
industries  is  a  force  of  varying  efficiency  per  labourer  unit— is 
rounded  out  into  the  law  of  the  variation  of  efficiency,  it  is  very 
little  scientific  gain  to  arrive  at  the  conclusion  that  wages  are 
distributed  according  to  a  law  about  which  we  know  nothing. 
Eadi  of  the  last  three  propositions  in  the  above  analysis  of  this 
theory  is  to  be  interpreted  in  the  light  of  the  first  proposition, 
and  the  law  postukted  in  this  proposition  we  confess  we  do  not 

If  this  law  of  wages  is  to  be  put  to  a  statistical  test,  it  is  dear 

that  two  points  must  be  settled :  (1)  Some  hypothesis  must  be 
made  as  to  the  law  of  distribution  of  efficiency ;  (2)  Some  allowance 
must  be  made  for  the  peculiar  economic  conditions  of  the  particular 
time  and  place.  This  latter  point  is  the  subjtict  of  the  second  of  the 
four  propositions  into  which  the  statement  of  the  differential  law  of 
wages  has  been  analysed.  Whatever  assumption  may  seem  probable 
as  to  the  distribution  of  efficiency,  we  know  that  the  distribution 
of  income  will  not  be  exactly  according  to  the  assumed  law  of 
efficiency  because  of  the  strategic  advantage  in  bargaining,  due  to 
organisation  or  other  causes,  enjoyed  by  some  of  the  labourers  and 
not  by  others.  The  character  and  extent  of  these  disturbmg 
conditions  must  be  ascertained  in  each  particular  case  by  a  direct 
study  of  the  labour  environment. 

First,  as  to  the  distribution  of  efficiency  among  labourers.  In 
marring  our  hypothesis  w§  shall  proceed  liom  the  simple  to  the 
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complex.  As-  it  is  generally  conceded^that  industrial  efficiency  is 
the  result  of  a  combination  of  physical,  mental  and  moral  qualities,^ 
it  is  quite  likely  that  we  may  receive  light  as  to  the  distribution  of 

efficiency  from  a  consideration  of  the  distribution  of  physical,  mental, 
and  moral  qualities.  Three-quarters  of  a  century  ago  Qu^ielet 
observed  that  physical  qualities  are  distributed  according  to  the 
normal  or  Gaussian  law,  and  the  most  elaborate  recent  investigation 
of  the  subject  ends  with  this  conclusion :  "  We  have  very  definite 
evidence  that  the  normal  curve  suffices  to  describe  within  the  limits 
of  random  sampli^  the  distributioa  of  the  chief  physical  characters 

in  man."  '  .  . 

The  general  confcnmity  of  the  measurements  of  physical 
characters  to  the  normal  curve  suggests  the  proper  hypothesis 
affecting  the  distribution  of  mental  and  moral  qualities.  A  number 
of  years  ago,  Mr.  Francis  Galton  began  his  studies  of  inheritance  on 
the  assumption  that  the  latter  qualities  are  distributed  according  to 
the  same  law  as  are  physical  characters.  Professor  Pearson's 
laborious  investigation,  which  has  just  been  brought  to  a  close, 
proceeds  upon  the  same  assumption :  "  We  have  .... 
selected,  as  the  normal  scale  of  intelligence,  that  which  would  be 
given  if  the  frequency  distribution  of  intelligence  followed  the 
normal  or  Gaussian  curve  <rf  errors."*  It  would  seem,  therefore, 
that  a  not  unreasonable  hypothesis  as  to  the  distribution  of 
efficiency,  which  is  itself  a  balance  of  physical,  mental,  and 
moral  qualities,  is  that  it  is  according  to  the  normal  kw  of  error. 

We  come  now  to  the  second  part  of  the  problem,  namely,  the 
determining  of  the  effect  of  the  peculiar  industrial  environment  in 
altering  the  results  which  might  be  expected  from  the  law  <^ 
efficiency  of  labour.  In  the  early  part  of  this  paper  it  was  observed 
that  usually  two  large  groups  of  labourers  are  distinguished  :  the 
group  of  unskilled,  unorganised  labour,  and  the  group  of  skilled, 
organised  labour.  These  two  groups,  which  for  our  purpose  con- 
stitute the  whole  of  labour,  share  between  them  aggregate  wages. 
The  members  of  the  latter  group,  in  consequence  of  their  strategic 
advantage  in  banraining,  are  able  to  obtain  a  larger  share  than 
would  be  obtained  if  total  wages  were  distributed  according  to  the 
law  of  efficiency  which  has  been  assumed  to  exist.  If  the  proposed 
statistical  test  is  to  be  carried  through,  some  way  must  be  found  for 
determining  the  extent  to  which  this  cause  aflfocts  the  working  of 

*  "  We  have  next  to  consider  the  conditions  on  which  depend  liealth  and 
■trangth,  phytical,  mental,  and  moral.  They  are  the  basis  of  industrial 
eltteienoy,  on  which  Oe  pioduction  of  material  wealth  dependa."  Marshall, 
FriiutiflM  of  Heottomiet,  4tit  edition,  p.  2^. 

For  a  fai&mr  eonaidemtion  of  thii  point  see  an  article  on  "  The  Bffidraej 
Ttaory  of  Wages  "  in  the  Eeenomie  Jomnud,  Deemoiber,  1907. 

^  Karl  Pearson,  F.B.S.,  and  AJioe  Lee,  D.8c, «  On  tli*  Im  of  InheriiMice 
in  Man,"  Biometrika,  vol.  ii,  part  iv,  1903,  p.  396. 

3  Karl  Pearson,  F.E.S.,  "  On  the  Eelationehq?  of  Intelligenoe  to  Siie  and 
Shape  of  Head,  and  to  other  Physical  and  Mental  Charaotere,"  .^dMeiri^a, 
yol,  V,  parts  i  and  ii,  1906,  p.  106. 
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the  law  of  reward  according  to  efficiency.  Later  qn  the  method 
employed  in  this  study  will  be  made  clear.  At  tills  point  a 
technical  difficulty  must  be  considered. 

II. 

It  has  been  amimed  that  the  distribution  of  efficiency  follows 
tbe  Gaussian  law.  But  this  law  is  a  generalisation  applying  to  an 
infinite  number  of  measurements,  whereas  statistics  of  wages  are 

available  for  only  a  finite  number  of  labourers.  Furthermore,  the 
Gaussian  law  is*^a  description  of  the  arrangement  of  many  small 
groups  according  to  the  group  measurement,  whereas  the  difierential 
law  of  wages  purports  to  be  a  law  of  distrilKition  of  wages  according 
to  differential  efficiency.  It  is  necessary,  tlierefore,  to  know,  not 
how  groups  indefinite  in  number,  are  arranged  according  to  efficiency, 
but  how  mueh,  in  a  finite  group  of  individuals  selected  at  random, 
the  members  of  the  group  will,  on  the  average,  differ  from  each 
otlier.  AJtiiough  the  properties  ot  the  law  of  error  have  been 
investigated  for  over  a  cratury  and  the  law  has  been  applied  to 
human  data  during  the  greater  part  of  this  period,  no  analytical 
solution  of  this  differential  problem  was  given  until  five  years 
ago. 

In  1902  Mr.  Francis  Gal  ton  proposed  to  British  mathematicians 
this  problem:  "A  certain  sum,  say  loo/.,  is  available  for  two  prizes 
to  be  awarded  at  a  forthcoming  competition  ;  the  larger  one  for  the 
fijrstof  the  competitors,  the  smaller  one  for  the  second.  How  should 
the  looi.  be  most  suitably  divided  between  the  two  ?  What  ratio 
flhould  a  first  prize  bear  to  that  of  a  second  one  ?  Does  it  depend 
on  tlie  number  dE  the  eompelitors,  and  if  so,  in  what  way  ?  Similar 
questions  may  be  asked,  but  will  not  be  answered  here,  when  the 
number  of  prizes  exceeds  two.  What  Aould  be  the  divifii<Hi  of  the 
loo/.  when  three  prizes  are  given,  or  four,  or  any  larger  number 

Mr.  Galton's  own  investigation  suggested  *'  that  when  only  two 
prizes  are  given  in  any  competition  the  first  prize  ought  to  be 
closely  three  times  the  value  of  the  second."  The  novelty  and 
interest  of  the  problem  led  him  to  conclude  :  "  I  now  commend  the 
subject  to  mathematicians  in  the  belief  that  those  who  are  capable 
— which  I  am  not — of  treating  it  more  thoroughly  may  find  that 
further  investigation  may  repay  trouble  in  unexpected  directions." 

Professor  r^trson  answered  the  appeal  to  mathematicians  and 
undertook  the  solution  of  the  problem  in  this  general  form:  "A 
random  sample  of  n  individuals  is  taken  from  a  population  of  N 
members  which,  when  N  is  very  large,  may  be  taken  to  obey  any 
law  of  frequency  expressed  by  the  curve  y  N</)(^),  ydx  being  the 
total  frequency  of  individuals  with  characters  or  organs  lying 
between  x  and  x  +  dx.  It  is  required  to  find  an  expression  for  the 
average  difference  in  character  between  the  p^^  and  the  Q)  +  ly^ 
individuals  when  the  sample  is  arranged  in  order  of  magnitude  of 
^  ehataeter." 

4  Francis  Gklton,  F.E.S.,  "The  Most  Suitable  Proportion  between  lihe 
Y»hi«t  of  ^inb  mi  Seowd  Pdm^"  Biam^iot  toL    part  iv^  38$. 
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"  I  propose  to  call  this  general  problem  Framm  OaUm^s  IndMdwd 

iHfjerena'  Problem,  in  Statistics,  or,  more  briefly,  GaUon*$  Difference 
Prohleni.  It  will  be  seen  at  once  to  carry  us  from  the  consideration 
of  the  means  and  standard  deviations  of  mass  aggregates  and  arrays 
to  the  average  interval  between  individuals  of  those  aggregates. 
We  may  still  deal  with  averages^  but  we  fix  our  attention  no  longer 
on  the  whole  population,  but  on  definite  individuals  in  its  ordered 
array.  This  I  believe  to  be  a  real  advance  in  statistical  theory," 
The  solution  of  the  problem  "  provides  us  for  the  first  time,  I 
believe,  with  the  most  i»t>bable  relaticmehips  between  individuals 
forming  a  random  sample.^ 

One  would  suspect  that  this  problem  had  been  formulated  wd 
solved  with  a  view  to  the  application  of  the  results  to  our  problem 
of  the  differential  law  of  wages  !  For  the  knowledge  of  the  average 
difference  in  efficiency  between  each  of  i,ooo  labourers  and  his  less 
efficient  neighbour,  when  the  whole  number  are  ranked  according 
to  their  efficiency,  would  afibrd  data  for  determining  the  average 
difference  in  efficiency  of  the  999  labourers  over  their  least  efficient 
associate.  Moreover,  if  the  1,000  labourers  were  separated  into  two 
groups,  the  one  composed  of  the  less  efficirad^  and  the  other  the 
more  ^BBlcient,  thus  giving  rise  to  a  minifnum  wage  in  each  group, 
the  knowledge  of  the  average  diflforence  of  effieimcy  in  the  popula- 
tion of  1,000  would  suffice  for  the  Gomputati<m  of  the  average 
difference  in  efficiency  of  the  members  in  each  group  ovw  that  of 
the  least  efficient  member  of  the  same  group.  To  handle  our 
problem  of  wages,  the  first  need  is  the  construction  of  a  standard 
population  in  which  the  average  difference  of  efficiency  is  computed. 
Such  a  standard  population,  judiciously  used,  would  supply  the 
means  with  which  to  obtain  a  first  approximation^  to  the  solution  of 
several  questions  in  the  dynamics  of  wages. 

It  would  be  desirable  to  have  a  standard  population  containing 
at  least  500  membwst  but  the  laborious  calculadons  required  for  so 
large  a  popidation  has  rendered  the  undertaldng  of  the  work 
impossible  at  the  present  ^e.  Table  1,  the  constamction  d[  which 
is  described  in  detail  in  the  Appendix,  has  been  computed  on 
the  assumption  that  the  distribution  of  efficiency  is  according  to 
the  Gaussian  law.  We  find,  for  example,  that  in  a  population  of 
100  individuals,  selected  at  random,  the  difference  in  ability  between 
the  ablest  and  the  next  ablest  is,  on  the  average,  -360964  times  the 
standard  deviation  of  the  group  from  which  the  selection  is  made. 
We  do  not  pretend  to  know  the  actual  magnitude  of  the  standard 
devialami,  nor  is  the  knowledge  neeeawry  for  oiu-  probleai. 

m. 

Having  constructed  our  standard  population,  we  have  next  to 
describe  the  concrete  environment  to  which  it  is  applied.  A  recent 
investigation  of  wages  in  the  United  States  affords  for  the  first  time 
m  ample  coUectton  of  wages  distributed  according  to  the  frequency 

^  Karl  Pearson,  '  Note  on  Fiancia  Galtou's  ProbleD>,"  BiomeirUca^  toL  i, 
part  iy«  p.  390—390. 
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of  the  different  rates.  In  the  second  chapter  of  the  report  on 
Emj^ayees  and  fFqges  of  the  Twelfth  Census,  which  is  the  product 
of  an  elaborate  investigation  of  wages  in  the  manufactures  of  the 
United  States,  an  ^< Analysis  of  Occupational  Comparison''  is 
presented  by  considering  the  wages  of  labourers  in  32  industries. 
By  means  of  pay-roUs  of  a  number  of  representative  establishments 
in  each  industry,  the  actual  distribution  of  y  ages  of  each  industry 
is  determined  and  set  forth.  As  a  result  of  this  admirable  inquiry 
we  are  able  to  state  the  proportion  of  labour  in  each  of  the 
32  industries  receiving  wages  between  any  assigned  limits. 

In  order  to  obtain  as  general  a  view  as  possible  of  the  distribution 
ol  wages  in  the  manufacturing  industries  of  the  country,  these 
wage  schedules  for  the  several  industries,  in  1900,  have  been, 
oombmed  in  the  same  way  that  the  wage  schedules  for  the  establish- 
ments were  combined  in  the  several  industries.  The  figures  used 
are  those  giv^  in  ihd  Wages volume,  in  the  case  of  each  industry, 
under  the  heading :  "  Males  16  years  and  over ;  Bates  per  week ; 
All  sections ;  All  occupations."  It  was  believ^  that  an  investi- 
gation confined  to  this  category  would  be  most  representative  of  the 
wage-earning  conditions  of  labour  employed  in  manufactures. 

The  wage  schedules  of  30  industries  fulfilled  the  above  require- 
ments. The  two  industries  omitted  from  the  full  number  given 
in  the  census  volume  are  "collars  and  cuffs,''  and  "distilleries." 
The  former  is  not  included  because  no  schedule  is  given  of  males 
16  years  and  over,  and  the  latter  is  omitted  because  the  few 
figures  tabulated  relate  only  to  the  States  of    entucky  and  Ohio. 

The  30  industries  are:  (1)  carpet  mills,  (2)  cotton  nulls,  (3) 
dyeing  and  finishing  t^iles,  (4)  loiitting  mills,  (5)  woollen  miUs, 
(6)  agricultural  im^ements,  (7)  furniture,  (8)  lumber  and  pkning 
mills,  (9)  pianos,  (10)  wagons  and  carriages,  (11)  car  aaid  railroad 
shops,  (12)  foundries  and  metal  working,  (13)  iron  and  steel, 
(14)  shipyards,  (15)  bakeries,  (16)  breweries,  (17)  candy,  (18) 
chemicals,  (19)  cigars,  (20)  clothing,  (21)  flour  mills,  (22)  glass, 
(23)  paper  mills,  (24)  potteries,  (25)  printing,  (26)  rubber,  (27) 
shoes,  (28)  slaughtering,  (29)  tanneries,  (30)  tobacco.^ 

As  a  result  of  the  eombination  of  the  census  schedules  we  have 
ih»  diatoilmtMHi  of  wa^  laoorded  in  Table  2. 

®  The  schedules  may  be  found  on  the  following  pages  of  the  Wages^ 
volume  :—(l)  carpet  mills,  p.  5;   (2)   cotton  mills,  p.  27;  (3)  dyeing  and 
linisbiiig  textiles,  p.  72;  (4)  knitting  mills,  p.  81;  (5)  woollen  mills,  p.  104; 
(6)  agricultural  implements,  p.  143  ;  (7)  furniture,  p.  169  ;  (8)  lumber  and 
planing  mills,  p.  185;  (9)  pianos,  p.  194;  (10)  wagons  and  carriages,  ]k  201; 
(11)  car  and  railroad  shops,  p.  225;    (12)    foundries  and   metal  working, 
p.  268;   (13)  iron  and  steel,  p.  325;   (14)  shipyards,  p.  353;  (15)  bakeries, 
p.  371 ;  (16)  breweries,  p.  379 ;  (17)  candy,  p.  391  ;  (18)  chemicals,  p.  403 ; 
(19)  cigars,  p.  411 ;  (20)  clothing,  p.  431 ;  (21)  flour  millB,  p.  461  (includes 
males  under  16  years);  (22)  glass,  p.  474;  (23)  paper  mills,  p.  497;  (24) 
potteries,  p.  510;  (26)  printing,  p.  527;  (26)  rubber,  p.  549;  (27)  shoa^ 
p.  568 1  (88)  shns^teiring,  p.  ;680;  (28)  tumeiies,  p.  501}  (80)  tobaceo, 
p.008. 
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IV. 

How  can  these  wage  data  be  used  to  test  the  ditt'erential  law  of 
wages  f  Three  difficulties  must  be  solved  before  sueh  a  test  cm  be 
made : — 

"  (1.)  The  miT^iwiiiim  wage  to  be  assigned  to  the  least  efficient 
labourer  in  the  standard  population  must  be  determined  ; 

(2.)  The  total  amoimt  to  be  divided  between  ike  loo  labourers 

in  the  standard  population  must  be  estimated ; 

(3.)  Allowance  must  be  made  for*  the  effect  of  the  breaking  up 
of  the  labour  force  into  two  gioups  of  the  unskilled,  unorganised 
labour  ;  and  skilled,  organised  labour. 

The  following  is  offered  as  a  solution  of  the  first  difficulty  :  The 
range  of  the  efficiency  of  the  standard  population  is  about  five  times 
the  standard  deviation,  that  is,  about  two  and  a  half  tunes  the 
standard  deviation  on  each  side  of  the  mean.  By  referring  to  a 
table  of  the  values  of  the  normal  probability  integral  corresponding 
to  xl<r,  it  is  found  that  62  in  10,000  cases  exceed  two  and  a  hidf  tjmea 
the  standard  deviation.  Consequently  from  each  end  of  the  mpirical 
series  of  wages  given  in  Table  2  were  subtracted  62  tw-Uiousandths 
of  the  total  number  of  labourers.  The  resulting  distributira  of 
wages  is  given  in  Table  3.    The  minimum  is  therefore  $3.15. 

The  total  amount  divided  between  the  100  members  of  the 
standard  population  was  regarded  as  one  hundred  times  the  average 
wage  received  by  the  labourers  whose  wages  are  given  in  Table  3. 
As  the  average  wage  in  this  case  is  $11.43,  members  of  the 
standard  population  share  between  them  $1143.00. 

The  hypothesis  which  has  been  made  to  meet  the  third  difficulty, 
namely,  the  effect  in  raising  wages  of  the  strategic  advantage 
enjoyed  by  organised  skilled  labmir,  is  that  the  more  effident 
50  labourers  in  the  standard  population  receive  Uie  same  percentage 
of  $1143.00 — the  aggregate  wages  paid  to  the  standard  population 
— that  the  more  efficient  50  per  cent,  of  the  labourers  in  actual 
industry  receive  of  the  aggregate  wages  paid  to  labour.  This 
hypothesis  is  offered  only  as  a  first  approximation  in  the  absence  of 
means  of  determining  exactly  the  number  of  labourers  dii  ectly  and 
indirectly  affected  by  organisation  in  the  manufactures  of  the  United 
States.  From  Table  3  it  is  found  that  the^more  eflacieut  half  of 
the  labourers  actually  l  eceived  6471  per  centT^  the  total  amount 
ci  wages,  and  the  less  efficient  half,  the  remaining  35  29  per  cent. 
It  was  therefore  assumed  that  the  less  effident  50  membera  of  the 
standard  population  received  35  29  per  cent,  of  $1143.00,  and  ik^ 
more  efficient  half,  the  rest. 

Our  problem,  now,  is  in  this  form :  The  wage  recdved  by  the 
least  eflacient  member  of  the  standard  population  is  $3.15;  the 
less  efficient  50  members  divide  between  them  35*29  per  cent,  of 
$1143.00,  that  is,  $403.36;  each  of  the  50  members  receives  the 
minimum  wage  and,  in  addition,  a  part  of  I245.86 — which  equals 
$403*36  minus  50  times  $3.15 — determined  by  the  excess  of  his 
efficiency  over  that  of  the  man  receiving  the  minimum  wage.  The 
more  ^dent  50  members  divide  between  them  6471  peor  cwt.  of 
1^43.00,  tliat  is,  1^39.64;  each  receives  tlite  Highest  wage  paid  in 
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the  group  just  described,  namely,  $10.30,  and  in  addition  a  share  of 
$224.64 — which  equals  $739.64  minus  50  times  $10.30— determined 
by  the  excess  of  his  efficiency  over  that  of  the  most  efficiuit  m^ber 
of  the  less  efficient  group. 

Thrae  100  wage  rates  have  been  computed  by  means  of  Table  4. 
Columns  I,  II,  V,  VI  have  been  tt^en  from  Table  1.  Column  III 
begins  with  the  sum  of  the  ^ures  in  column  II.  The  meaning  of 
this  is  that  the  difforenoe  in  efficiency  between  the  most  able  man  in 
the  standard  population,  and  the  fifty-first  man  is  2-526958  times 
the  standard  deviation.  The  second  figure  in  column  III  is  obtained 
by  subti-acting  from  the  first  figure  in  column  III  the  first  figure  in 
column  II.  Since  the  difference  between  the  ablest  man,  whom  we 
call  the  first  man,  and  the  next  ablest  man,  whom  we  call  the  second 
man,  is  -360964  times  the  standard  deviation,  it  follows  that  the 
diff"erence  between  the  second  man  and  the  fifty-first  is  2  526958  - 
•360964  =  2-165994  times  the  standard  deviation.  The  other 
figures  in  column  III  are  similarly  determined  by  means  of  the 
figures  in  column  11.  The  at  the  top  of  column  IV,  namely, 
40-321478,  is  the  sum  of  the  figures  in  column  III.  Since  the 
members  of  this  more  efficient  of  the  two  groups,  which  we  shall 
call  the  first  group,  share  the  sum  $224-64,  according  to  the  excess 
of  their  efficiency  over  the  efficiency  of  the  ablest  member  of  the 
second  group,  it  is  necessary  to  express  these  50  excesses  or 
differences  as  percentages  of  the  sum  of  the  50  differences. 
Column  IV  gives  these  percentages.  For  example,  2-526958  is 
6-267  per  cent,  of  40-321478.  As  the  wage  received  by  the  ablest 
member  of  the  less  efficient  group  is  $10.30,  and  $224.64  is  the  sum 
divided  by  the  members  of  the  first  group  according  to  Uie  excess 
of  their  efficiency  over  that  of  the  ablest  member  of  the  second 
group,  it  follows  that  the  wage  of  the  ablest  member  of  the  standard 
population  is f  10.30  +  (-06267)  ($224.64)  =  $10.30  +  $14.08  =  $24.38. 
In  a  like  manner  tiie  wages  of  the  remaining  49  members  of  the  first 
group  are  determined  by  means  of  the  percentages  in  column  IV. 

Columns  VII  and  VIII  are  constructed  from  column  VI  in 
exactly  the  same  way  that  columns  III  and  IV  were  constructed 
from  column  II.  The  wage  of  the  fifty-first  man,  who  is  the  ablest 
member  of  the  second  group,  is  equal  to  the  miy^iTTimn  wage  of  the 
group,  $3.15  +  (-029083)  ($245.86)  =  $3.15  +  $7.15  =  $10.30. 
Similarly  the  wages  the  other  members  oi  the  second  group  are 
calculated. 

In  Table  5  the  wages  of  the  standard  population,  computed  by 
the  metJiod  which  has  just  been  described,  are  arranged  in  groups 
varying  by  $1,  just  as  the  wage  data  of  the  census  report  are 
arranged  in  Table  3. 

On  the  accompanying  chart  the  zig-zag  line  traces  the  percentage 
distribution  of  actual  wages  according  to  Table  3.  The  dashed 
curve,  which  has  been  computed  by  the  method  of  moments  from 
the  data  of  Table  3,  is  the  curve  fitting  best  the  observations.  Its 
equation  is  given  on  the  chart,  the  origin  being  at  -  38-69.  The 
distribution  of  the  wages  received  by  the  standard  population, 
which  is  also  a  percenii^  distobiitioii,  could  likewise  be  given  by 
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H  zig-zag  line.  If  this  course  were  followed,  liowever,  inasmucli  as 
the  standard  population  is  so  small,  we  should  get  a  very  irregular 
distribution,  which  would  give  only  an  imperfect  icba  of  l^e 
agreement  of  fact  and  theory.  Instead,  therefore,  of  crowding 
the  chart  with  this  line,  a  smooth  curve  has  been  computed  by 
the  method  of  moments  from  the  data  of  Table  5,  and  is  drawn 
on  the  chart.  This  curve,  the  equation  to  which  is  given  on  the 
chart  (the  origin  being  at  8 '89),  is  the  closest  fit  to  the  actual 
distribution  of  the  wages  of  the  standard  population.  It  begins  at 
$4.17,  reaches  a  maximum  at  $8.89,  and  terminates  at  $33.56. 
The  degree  in  which  this  continuous  smooth  curve  approaches  the 
dashed  curve  is  the  measure  of  the  degree  in  which  the  difierential 
law  of  wages  receives  im  empirical  verification  in  our  statistical 
data. 

This  investigation  has  established  : — 

(1.)  That,  hacking  a  hypothesis  as  to  the  distribution  of 
e£Bciency,  the  theory  of  rewiurd  according  to  efficiency  is  without 
significance  so  far  as  scientific  uses  are  concerned ; 

(2.)  That  the  differential  law  of  wages  is  only  an  important  part 
of  the  prodvictivity  theory  of  wages,  and  that  the  establishment 
of  the  law  of  reward  according  to  efficiency  does  not  imply  that 
the  labourer  receives  what  he  produces  ; 

(3.)  That  by  making  a  hypothesis  as  to  the  distribution  of 
efficiency,  and  a  reasonable  allowance  for  the  influence  of  the 
ori^uusation  of  skilled  labour,  die  differaitii^  law  may  be  subjected 
to  an  empirical  test  ; 

(4.)  That  when  the  particular  hypothesis  of  this  study  is  tested 
with  the  data  afforded  by  the  Wage  census  of  1900,  we  find  a 
remarkable  consilienGe  of  fact  and  theory. 


Appendix. 

The  Candrudim  of  Table  1.    Tiie  Standard  Fajp  ulaHaiL 

L  In  computing  the  differences  between  the  first  six  successive 
members     ^e  standard  population,  Professor  PeariKm's  formula, 

v.  ==  s  U  +    +  <^  +  cs  ^  (where  «  is  the  stwdard 

deviation),  was  used  {Biometrikaj  vol.  i,  part  iv,  p.  396,  formula  xxvii). 
IL  Since,  by  Stirling's  lotmula,  when  p  is  large,       ^27rp  pPe~P^ 

\/ 27rp  pPe  -P  .  . 

the  factor  ^  ,  m  the  above  formula  for  Xp,  apprcMomates 

to  unity  with  increasing  values  of  p*  The  last  factor, 
{1  +  ^1  +  ^  +  ^+  }>  seems  also  to  approach  unity  as  p  increases. 

Whwi  p  is  f^'^^^^-^  {l+Ci  +  <S2  +  «8}  is  •9897»4.    It  has 

Gonsequently  been  thought  suiiicieat  for  the  piuposes  of  tiUs  tyrtiole 
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to  compute  x»  V  the  formula  Xp  =  —       values  of  p  greater 

than  5  and  less  than  51. 

IIL  The  values  of  i»,  which  are  needed  to  obtain  y^,  were 

computed  from  the  formula  \/\  j         ^  {lind.^ 

p.  395,  formula  xii). 

In  Tniilring  these  computations  the  values  of  the  probability 
integral,  as  given  in  Mei-rimm^s  Least  Squares,  were  used 

IV.  The  d^ree  of  accuracy  of  Table  1  is  not  so  great  as  it 
appears  to  be,  because,  in  the  elevation  of  w,  Barlow's  tables  were 
employed  in  calculating  squares,  and  consequently  only  four  figures 
were  used.  With  this  exception,  the  calculation  has  been  carried 
to  six  decimals.  The  defect  which  has  been  described  does  not  in 
any  degree  invalidate  the  theoretical  result  that  has  been  reached, 
but  it  is  noted  here  as  a  warning  to  others  who,  otherwise,  might 
use  the  table  for  a  piu-pose  requiring  greater  precision. 


Tablb  I.— The  Standard  FopulcUion.    Awrage  Differences  of  EgicieiM^ 


p 

« 

1 

i  f 

1 

1 

* 

V 

t 

J» 

# 

1 

-360964 

1 

26 

•080622 

51 

•023074 

76 

-082160 

2 

•200664 

27 

•080247  ' 

52 

•026098 

77 

-032937 

8 

-144746 

28 

•029710 

53 

•025137 

78 

•033760 

4 

•114680 

'  29 

•029207 

54 

•025192 

79 

•034686 

5 

•095994 

.  30 

•028755 

55 

•025266 

80 

•U357tX) 

6 

■083843 

!  31 

•028347 

56 

•025354 

81 

•036854 

7 

•074499 

,  32 

•027967  , 

57 

•025458 

82 

038131 

8 

•067258 

!  33 

•027614 

58 

•025583 

83 

■039512 

9 

•061599 

'  34 

•027287 

59 

025782 

84 

-041061 

10 

■056809 

86 

•026994  1 

60 

•086881 

85 

-042871 

11 

•068146 

86 

•02K725  1 

61 

026061 

86 

•044913 

12 

049990 

87 

■026486 

62 

•026260 

87 

•047250 

13 

•0 1.7250 

38 

026260 

63 

•026486 

88 

•049990 

14 

•044913 

i  39 

•026061  1 

64 

■026725 

89 

•053146 

15 

•042871 

1  40 

•025881 

65 

•026994 

90 

•056909 

16 

•041081 

'  41 

025732 

66 

•027287 

91 

•061599 

17 

•039512 

:  42 

•025583 

67 

•(-27614 

92 

•067268 

18 

•038131 

43 

•025458  1 

68 

•027967 

98 

-07440B 

19 

•036854 

44 

•085864  < 

69 

•028847 

94 

•063848 

20 

-085700 

i  45 

•085266  j 

70 

■028755 

95 

-096994 

21 

•084686 

!  46 

■025192 

71 

•029207 

96 

•114680 

22 

•033769 

47 

•025137 

72 

•029710 

97 

•144746 

28 

•032937 

48 

•02509S 

73 

•030247 

98 

•200664 

24 

•032160 

49 

•025074 

74 

•030822 

99 

•360964 

25 

•031479 

50 

I 

•026066 

75 

•031479 

xoo 

12 


The  L^ere^Uial  Lm  oj  Wages. 


Tablk  2,^The  Distribution  of  Wages  in  ManufacUires  of  the  UmUd 
States  in  1900^  as  r^preien^  ^  30  SeUcted  Induitries. 


Bales  per  W«ek. 
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7 
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20 
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?> 

21 
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9f 
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23 
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28 

99 

24 
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24 
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99 

25 

99 

99 

26 

99 
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21 
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3,880 

7,926 
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18,029 
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9,945 
6,046 
9,288 
5,468 
2,607 
4,466 
1,620 
1,029 
1,290 
773 
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bween  27 

and  28 

99 

»9 

9Q 

99 

9Q 

1  • 

99 

99 

81 

99 

81 

99 

82 

>9 

88 

99 

88 

99 

33 

91 

34  

99 

34 

)  J 

35 

99 

35 

9» 

36  

99 

36 

99 

37  

99 

37 

38 

9) 

38 

99 

39 

39 

99 

40 

•> 

40 

99 

41 

99 

41 

99 

48 

99 

42 

99 

48 

99 

48 

99 

44 

99 

44 

99 

45 

99 

46 

99 

46 

9' 

46 

99 

4//.  ... 

99 

47 

99 

48 

»9 

48 

99 

49  

99 

49 

ff 

50 

9' 

60 

99 

OT«r... 

Total 


362 
300 
175 
359 
107 
181 
103 
104 
73 
51 
115 
195 
198 
58 
4i 
36 
25 
23 
20 
12 
16 
23 
12 
168 


160^76 


Tabuc  3. — Tha  Percentage  DistrUmtim  of  Wages,  between  atdgmd  Limits^ 
in  the  Manufacturee  of  the  United  States  in  1900. 


Kales  per  Week. 

Number. 

Perueutage. 

UaU8  per  Week. 

dumber. 
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1 

1 

Befcwee 

n  3.15  Mid  4 
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1-43 

B^een21«nd22.... 
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0-88 

99 

4 

5 
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,» 

22 

99 

23 
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•9 

5 

»  6 
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>. 

28 

99 

24... 
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0-36 

9« 

6 

„  7 

7,926 

5  01 

,, 

24 

99 

25  ... 
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0-49 

99 

7 

,  8 

15,727 
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99 

26.-.. 
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9S 

8 

„  9 

13,233 

8-38 

» 

26 

J) 

27.... 

224 

0-14 

9* 

9 

„io 

23,686 

14-98 

)) 

27 

J> 

28.... 
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0-23 

«9 

10 

,.11 

18,029 

11-41 

)i 

28 

99 

29  .... 

300 
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99 

11 

,,12 

7,346 

4-64 

I, 

29 

99 

80 
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0-1 1 

$9 

12 

,.18 
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9^ 

,» 

80 

99 

81 .... 
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»S8 

99 

18 

,.14 
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6-29 

»» 

81 

99 

88.... 
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99 

14 

„15 

6,046 

3-83 

n 

82 

99 

88. 
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0-08 

99 

15 

„  16 
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5-83 

» 

88 

99 

84.... 

103 

006 

99 

16 

,.17 

5,468 

3-46 

» 

84 

99 

35 
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006 

•9 

17 
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1  65 

n 

86 

99 
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69 
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99 

18 

,.  19 
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1,620 

2-82 

99 

19 

1-03 

9» 

20 

»  21 

1,029 

0*65 

Total 

158,092 

lOO'OO 

3f%«  im^ntial  Law  of  Wages. 
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Table  4. — Percentage  Rates  at  which  more  Effieimt  Members  of  the  TttH) 
Oroups  share  the  Excess  over  the  Minimum  Waqe  of  the  re.^pprfi,-o  Gmvp.^. 
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73 
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28 
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78 

•033769 
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29 
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79 
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80 

•035700 

1*690604 

*01 9652 

OX 

U^OOf*/ 

•^99=^,*^2 

(^AACJOA 

•012960 

81 

ox 

1*654904 

•019237 

Q9 

•ri9'7Qft7 

u A / yo / 

•4.04,9^^ 

•012257 

82 

OA 

•03ft  1  ^1 

1*618050 

•018ft09 

OO 

fSUDAOO 

•011564 
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•0410^1 
vraxvox 

l'54MGf7 

•017906 

*4i11SA7 

•010202 

8fi 

1*499326 

•017429 

'384373 

•009533 
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87 
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88 
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40 
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90 

•056909 
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41 
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•006274 

91 
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42 
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92 
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43 
44 

■025458 
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98 
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•004870 

94 
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96 

•114680 
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97 
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1 2^5oi892 

86-0264ZZ 
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Tablk  5. — The  DUtrib^ttim  of  Waffe$  of  the  Standard  Population. 


BateipcrWaelu 


$3^5 

$ 

Between  4  and  5 


99 

6 

6 

n 

6 

»  7 

99 

7 

»  8 

99 

8 

»  9 

99 

9 

„  10 

99 

10 

»  11 

99 

11 

12 

99 

12 

„  13 

i9 

13 

»  14 

f» 

14 

„  15 

IiwMber. 

BtfkM  por  Woak. 

1 

$ 

Between  15  and  16  

2 

„     16   „  17  

3 

„     17   „  18  

6 

„     18   „  19  

9 

„     19   „  20  

11 

20   „  21  

13 

„     21    .,  22  

10 

„     22    „  23  

7 

«     24   „  25  

6 

6 

G 

Total   

Namber. 


4 
4 
3 
8 
2 
1 
1 
1 
1 


lOO 


BOYAL  STATISTICAL  SOCIETY 

AN  OUTLINE  OF  ITS  OBJJSOXS. 


The  Royal  Statistical  Society  was  founded,  in  pursuance  of  a 
reoommendation  of  the  British  Association  for  the  Advaneemeat  of 
Science,  on  the  15th  of  March,  1834 ;  its  objects  being,  the  carefnl 
collection,  arrangement,  disWssion  and  publication,  of  &cte  bearing 
on  and  illustrating  the  complex  relations  of  modem  society  in  its 
social,  economical,  and  political  aspects, — especially  facts  which 
can  be  stated  numerically  and  arranged  in  tables; — and  also,  to 
form  a  Statistical  Library  as  rapidly  as  its  funds  would  permit. 

The  Society  from  its  inception  has  steadily  progressed.  It 
now  possesses  a  valuable  Library  of  about  50,000  volumes,  and  a 
Beading  Boom.  Monthly  meetings  are  held  from  November  to 
June,  which  are  well  attended,  and  cultivate  among  its  Fellows 
an  active  spirit  of  investigation ;  the  Papers  read  before  the 
Society  are,  with  an  abstract  of  the  discussions  thereon,  published 
in  its  Journal,  which  now  consists  of  sixty-seven  annual  volumes, 
and  forms  of  itself  a  valuable  library  of  reference. 

The  Society  has  originated  and  statistically  conducted  many 
special  inquiries  on  subjects  of  economic  or  social  interest,  of 
which  the  results  have  been  published  in  the  Jounud^  or  issued 
separately. 

To  enable  the  Society  to  extend  its  sphere  of  useful  activity,  and 
accomplish  in  a  yet  greater  degree  the  various  ends  indicated,  an 
increase  in  its  numbers  and  revenue  is  desirable.  With  the  desired 
increase  in  the  number  of  Fellows,  the  Society  will  be  enabled  to 
publish  standard  works  on  Economic  Science  and  Statistics, 
especially  such  as  are  out  of  print  or  scarce,  and  also  greatly 
extend  its  collection  of  Foreign  works.  Such  a  well-arranged 
Library  for  reference  as  would  result  does  not  at  present  exist  in 
£ngland,  and  is  obviously  a  great  desideratum^ 

The  Society  is  cosmopolitan,  and  consists  of  Fellows  and  Hono- 
rary Fellows,  forming  together  a  body,  at  the  present  time,  of 

about  one  thousand  Members. 

The  Annual  Subscriptioa  to  the  Society  is  Two  Guineas,  and 
at  present  there  is  no  entrance  fee.  Fellows  may,  on  joining  the 
Society,  or  afterwards,  compound  for  all  future  Annual  Subflerip* 
tions  by  a  payment  of  Twenty  Quineae. 

The  Fellows  of  the  Society  receive  gratuitously  a  copy  of  each 
part  of  the  Journal  as  published  quarterly,  and  have  the  privilege 
of  purchasing  back  numbers  at  a  reduced  rate.  The  Library 
(reference  and  circulating),  and  the  Beading  Boom,  are  open 
daily,  for  the  convenience  of  Members. 


Nomination  Forms  and  any  farther  information  will  be  fur- 
nished,  on  application  to  the  Assistant  Secretary,  Royal  Statistical 
Society^  9,  Adelphi  Terrace^  Strand^  TF.O\,  London. 
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